We examined 205 enterotoxigenic strains of Escherichia coli for colonization factor antigens (CFA) I and II, using an immunodiffusion technique with specific antisera. A total of 36 strains of serogroups 063, 078, 0114, 0128, and 0153 and 1 rough strain possessed CFAII and gave a single precipitin line; 47 strains of serogroups 06, 08, 080, 085, and 0115 possessed CFAJII. The latter strains gave a major precipitin line (component 
We examined 205 enterotoxigenic strains of Escherichia coli for colonization factor antigens (CFA) I and II, using an immunodiffusion technique with specific antisera. A total of 36 strains of serogroups 063, 078, 0114, 0128, and 0153 and 1 rough strain possessed CFAII and gave a single precipitin line; 47 strains of serogroups 06, 08, 080, 085, and 0115 possessed CFAJII. The latter strains gave a major precipitin line (component 3) when tested with specific antisera prepared against strain E1392 or PB-176 (both E. coli 06.H16; biotype A). However, all 16 strains of E. coli 06.H16 belonging to biotype A gave a second precipitin line (component 1) when tested with both antisera. When CFA/II-positive strains were tested with a specific antiserum prepared against E. coli 06.H16 strains of biotype B or C, all strains gave component 3, but 16 of 17 strains of E. coli 06.H16 belonging to biotype B, C, or F gave a second precipitin line (component 2) not given by strains of biotype A. CFA/II-positive strains of serogroups other than 06 gave only component 3 in tests with all specific antisera. Nine enterotoxigenic strains of serotypes 07, 015, 025, 0115, and 0128 gave mannose-resistant hemagglutination of human or calf erythrocytes but lacked CFA/I or CFAIII. Although mannose-resistant hemagglutination was common in non-enterotoxigenic strains of E. coli, none of the non-enterotoxigenic strains possessed CFA/I or CFA/II; these strains included fecal strains of serogroups 06, 08, 063, and 078, fecal strains of enteropathogenic serogroups, and strains from extraintestinal sources.
The ability of certain strains of enterotoxigenic Escherichia coli (ETEC) to adhere to and colonize the intestinal mucosa of humans and animals has been correlated with the presence of specific antigens on the bacterial cell surface. These fimbrial antigens are host specific, protein in nature, and capable of agglutinating erythrocytes from different animal species in the presence of D-mannose. In ETEC strains isolated from humans with diarrhea, Evans et al. have found two fimbriate surface factors known as colonization factor antigens (CFA) I and II (8, 11) . CFA/I causes mannose-resistant hemagglutination (MRHA) of human and bovine erythrocytes (9) and is controlled by a plasmid which also codes for the production of heat-stable enterotoxin (ST) (17, 24, 31) . Strains possessing CFA/I have been shown to colonize the intestine of rabbits and humans (11, 27) . CFA/II causes MRHA of bovine but not human erythrocytes (8) , and a plasmid coding for the production of has been described previously (23) . From epidemiological studies of diarrheal outbreaks caused by CFA/II-positive ETEC, there is evidence that these strains colonize the intestines of humans, and strains possessing CFA/II have also been shown to colonize the intestines of rabbits (8) .
Although MRHA is a useful screening procedure, serological tests are necessary to confirm CFA production, because a high proportion of E. coli strains from extraintestinal sources have been shown to give positive human MRHA without possessing CFA/I (2, 12, 16) . In the present study, we examined strains of E. coli for hemagglutination of human or bovine erythrocytes and for the presence of CFA/I or CFAJII by an immunodiffusion technique in which specific rabbit antisera were used. A total of 205 ETEC strains isolated in many parts of the world from humans with diarrhea were tested. In an earlier study (2) , 187 of these ETEC strains had been examined for CFA/I but not for CFA/II. The aim of the present work was to study the incidence of CFAIII in various serotypes of E. coli and the geographical distribution of the CFAIII-positive strains. To determine whether CFA/I and CFA/II were present in nontoxigenic strains, additional isolates of E. coli from intestinal and extraintestinal sources were examined for MRHA of bovine or human erythrocytes and the presence of CFAII or CFAIII by the same immunodiffusion test.
MATERIALS AND METHODS
Bacterial strains. A total of 916 strains of E. coli were examined. All strains had been maintained at room temperature on Dorset egg medium in the culture collection of the Division of Enteric Pathogens, Central Public Health Laboratory, London. They had been identified by biochemical tests (1) and by serotyping techniques (20), using antisera for E. coli 0 groups 1 through 164 and H antigens 1 through 56.
Of all of the strains studied, 205 were fecal ETEC strains isolated in several countries from patients with diarrhea; these strains belonged to 64 O:H serotypes. A total of 182 belonged to recognized 0 groups; for 17 the 0 group could not be identified (0?), and 6 were autoagglutinable (O rough) (see Table 2 ). In a previous study, 187 of the 205 fecal ETEC strains had been included in a survey to detect MRHA of human erythrocytes and the presence of CFA/I (2).
A total of 335 nontoxigenic isolates from human fecal samples were also examined. Of these strains, 149 were determined to belong to 0 groups 06, 08, 063, and 078; these strains had been isolated in many countries. Of the 335 nontoxigenic fecal strains, 186 were determined to belong to traditional enteropathogenic serogroups (EPEC) (25) and had been isolated in the United Kingdom.
A total of 376 strains examined were from extraintestinal specimens from patients in the United Kingdom: 122 were from cerebrospinal fluid (CSF), 124 were from urine, and 130 were from blood.
Enterotoxin tests. The 205 ETEC strains were shown, by means of the infant mouse test for ST (4) , and the Y1 (7) and Chinese hamster ovary (14) Results of these tests were recorded for 14 days.
Inmunodifsion tests. An antiserum was prepared in rabbits, using as the vaccine strain E1392 (E. coli 06.H16; biotype A). This strain possesses CFAIII, which we have shown by immunodiffusion testing to be identical to that first described in strain PB-176 by Evans and Evans (8) . For preparation of a specific antiserum for CFA/II, this crude antiserum was absorbed with strain E1392/7A, a spontaneous variant of strain E1392 which failed to give MRHA. Antisera were also prepared against strain PB-176 (E. coli 06.H16; biotype A), strain E4833 (E. coli 06.H16; biotype B), strain E219/69 (E. coli 06.H16; biotype C), and strain E7463 (E. coli 08.H9). These strains gave MRHA of bovine erythrocytes, and specific antisera were prepared by being absorbed with spontaneous variants of each strain which were unable to give MRHA. An antiserum specific for CFA/I was prepared, using as the vaccine strain E6674 (E. coli 063.H-) and the variant E6674/H5 (2). Antigens for immunodiffusion were prepared for CFA/II by simple saline extraction at 60°C for 20 min; portions obtained from this step were further heated at 100°C for 60 min to prepare antigens for CFA/I. All 205 ETEC strains were tested for the presence of CFA/I and CFAIII by the Ouchterlony gel immunodiffusion technique, using the undiluted specific antisera (22) . Slides were incubated at 37°C overnight, removed to room temperature, and observed for up to 2 days. Also tested were those strains of E. coli from intestinal and extraintestinal sources that gave a positive bovine erythrocyte MRHA.
RESULTS

MRHA and immunodiffusion results for ETEC.
Of the 205 ETEC strains, 42 gave a positive MRHA with human and calf erythrocytes (Table  1) . Of these 42 strains, 36 were also positive for CFA/I by immunodiffusion tests, giving a single precipitin line. These strains were of serogroups 063, 078, 0114, 0128, and 0153; one strain was rough ( Table 2) . A number of these strains and their plasmids have been described in detail elsewhere (17, 18, 28, 31, 36) .
Of the 42 strains giving MRHA of human and calf erythrocytes, 6 were not CFA/I positive. (Table 2) . We previously determined, using slide agglutination tests (2) (Table 2) . Although all 45 strains gave at least one precipitin line with this specific CFA/II antiserum, there were differences (see below).
Of the 49 strains giving MRHA of calf erythrocytes only, 4 were not CFAIII positive. Two strains were of serogroup 015 (E. coli 015.H-;
ST-LT'), one was of serogroup 0128 (E. coli 0128.H20; ST' LT-), and one was of serogroup 06 (E. coli 06.H16; biotype B; ST' LT').
Only two ETEC strains, both of serogroup 07, gave MRHA of human erythrocytes but not of calf erythrocytes; these strains did not possess CFA/I or CFA/II.
Properties of CFA/II-positive strains. Of the 47 CFAIII-positive strains, 33 belonged to serogroup 06, and all possessed flagellar antigen H16. The enterotoxins produced by these strains and the geographic sources of the strains are shown in Table 3 . Also described in Table 3 is the MRHA-positive strain of serogroup 06 that did not give a positive immunodiffusion test result with the E1392 serum. A total of 10 CFA/ II-positive strains were of serotype 08.H9, and all produced ST and LT; they were isolated in Bangladesh (2 strains), Mexico (5 strains), and South Africa (3 strains). One CFAIII-positive strain was E. coli 080.H9 (ST' LT-), two were E. coli 085.H7 (ST' LT'), and one was E. coli 0115.H51 (ST+ LT+).
ETEC strains belonging to serogroup 06 were classified according to biotype as described by Scotland et al. (29) . All ETEC strains in the survey belonging to serogroup 06 utilized mucate and fermented arabinose, glucose, glycerol, lactose, maltose, mannitol, salicin, sorbitol, trehalose, and xylose; they failed to ferment cellobiose, inositol, inulin, and sucrose. On the basis of their reactions to the five remaining tests, we found that of the 33 CFAIII-positive strains, 16 belonged to biotype A (adonitol positive; dulcitol, raffinose, rhamnose, and sorbose negative); 7 belonged to biotype B (adonitol and rhamnose positive; dulcitol, raffinose, and sorbose negative), 9 belonged to biotype C (adonitol, raffinose, and rhamnose positive; dulcitol and sorbose negative), and 1 belonged to biotype F (rhamnose positive; adonitol, dulcitol, raffinose, and sorbose negative).
ETEC strains belonging to serogroups 08, 080, 085, and 0115 showed biochemical reactions which differed from those observed for strains of serogroup 06 and thus could not be classified in the 06 biotypes. (Fig. 1) . All 17 strains giving the second precipitin line were of serotype 06.H16, and all but one was of biotype A. The strain E1392, used to prepare the CFA/II antiserum in these initial tests, was also of biotype A.
Diffusion tests with a CFA/II antiserum prepared with strain PB-176, the prototype CFA/IIpositive strain used by Evans and Evans (8) , and absorbed with strain PB-176-P gave results identical to those obtained with E1392. Strain PB-176 is also of biotype A.
The fast component of CFAIII was also observed when the 47 strains were tested with CFA/II antisera prepared with strains E4833 (biotype B) and E219/A/69 (biotype C). Again, a second, slower component was observed with some strains of serotype 06.H16 (Fig. 1) . However, when these antisera were used, the strains showing the slower component were of biotypes B, C, and F but not A.
To differentiate these CFA/II components, we called the fast one found when each antiserum When the MRHA-positive strains of serogroups 080, 085, and 0115 were tested by immunodiffusion with antisera prepared with CFA/II-positive E. coli 06.H16 strains of biotypes A, B, and C and with the CFAIII-positive E. coli 08.H9 strain, they showed only component 3 of CFA/II.
The ETEC strains of serotypes 015.H-and 0128.H20 that were able to cause MRHA of only calf erythrocytes were negative for the three components of CFA/II when tested with antisera prepared with CFAIII-positive E. coli 06.H16 strains of biotypes A, B, and C and antisera prepared with the CFA/II-positive E. coli 08.H9 strain.
MRHA and immunodiffusion results for nontoxigenic fecal strains of E. coli. MRHA of human or calf erythrocytes was also exhibited by many of the 186 strains of EPEC serogroups isolated from feces, although the frequency (total, 13%) was significantly lower than that shown by E. coli strains from extraintestinal sources (total, 57%) ( Of the nontoxigenic, non-EPEC strains, 45 were E. coli 06, and 23 (51%) gave MRHA (16 of human erythrocytes, 2 of calf erythrocytes, and 5 of human and calf erythrocytes). These MRHA-positive strains were of flagellar type Hi, H7, H12, or H31 or else they were nonmotile; however, other strains of these serotypes failed to give MRHA. Only 4 of the 45 strains were of flagellar type H16, which is commonly associated with enterotoxin production, and none of these 4 strains gave MRHA.
Of the nontoxigenic, non-EPEC strains, 64 were E. coli 08, and 4 (6%) gave MRHA of human erythrocytes only; none gave MRHA of calf erythrocytes. The 4 strains which gave MRHA of human erythrocytes only were of flagellar type H9; another 36 strains of E. coli 08.H9 failed to give MRHA.
Of the nontoxigenic, non-EPEC strains, 38
were E. coli 078, and 6 (16%) gave MRHA of human and calf erythrocytes. These MRHApositive strains were nonmotile or of flagellar type H9; none of the 20 strains of flageilar types H10, Hit, H12, and H18, which are commonly enterotoxigenic, was MRHA positive. Two nontoxigenic strains of E. coli 063.H28 did not give MRHA.
MRHA and immunodiffusion results for extraintestinal strains of E. coli. Many of the 376 extraintestinal strains gave MRHA (Table 1) ; 57 (46%), 81 (66%), and 78 (60%) of the strains from urine, CSF, and blood, respectively, gave MRHA of human or calf erythrocytes or both. The 0 groups of 39 strains could not be identified, and 25 strains were rough. The remaining 312 strains belonged to 47 0 groups, and MRHA-positive strains were found to belong to 27 of these groups. However, in most cases, a serogroup was represented by less than three strains. 0 groups to which more than three strains were shown to belong are shown in Table  4 . The source from which the strains of these 0 groups were isolated (CSF, urine, or blood) did not determine significant differences in the frequency of MRHA.
Although a significant proportion of E. coli strains from extraintestinal sources gave MRHA of human or calf erythrocytes, none of these strains possessed CFAII or CFA/II, as determined by immunodiffusion testing with specific antisera. DISCUSSION The ability of strains of E. coli to agglutinate erythrocytes from different animal species has been correlated with the presence of adhesive factors on the bacterial surface. In this survey, we confirmed that the ability to cause MRHA of human or calf erythrocytes or both is widespread in strains of E. coli from intestinal and extraintestinal sources, as described in earlier work by us and other groups (2, 13, 16, 19, 33, 35) . However, except for strains of ETEC, the ability to cause MRHA was not indicative of the presence of the colonization factor antigens CFA/I and CFA/II. These antigens were not found in strains from blood, urine, or CSF, and they were not found in fecal strains belonging to EPEC serogroups.
CFA/I-positive strains were found to belong to serogroups 063, 078, 0114, 0128, and 0153; such strains have been reported previously (2, 10 (30) ; the use of this medium may also aid in the study of hemagglutination by E. coli strains of different serogroups.
In this survey, two CFA/II-positive strains of E. coli 06.H16 gave MRHA of human and calf erythrocytes, but other properties of these strains did not appear to differ from those of CFAIII-positive strains which gave MRHA of calf erythrocytes only. Recently, M. McConnell (personal communication) has shown that several additional strains of E. coli 06.H16 used in our study give MRHA of human erythrocytes, depending on the donor used. This further supports the conclusion that hemagglutination patterns alone are not a sufficient basis for characterizing a strain as possessing CFA/I or CFA/II; the patterns are, however, useful in preliminary screening.
We concluded that immunodiffusion was the preferred method for confirming the presence of CFAs. Strains producing CFA/I gave a single precipitin line with specific antisera, but the precipitin lines given by CFA/II-positive strains were more complex. All but one of the strains shared a common antigen, but strains of E. coli 06 generally possessed only one of the two additional antigens. These additional antigens were lacking from strains of E. coli 08, 080, 085, and 0115. Smyth (32) has also observed three precipitin lines in immunodiffusion studies of MRHA-positive strains of E. coli 06. Smyth designated the line common to the majority of E. (15) . Other techniques will be necessary for the identification of the mechanisms by which these strains proliferate in human intestines.
